Temporal studies were made of factors associated with increased RNA synthesis in guinea pig liver during Q fever. DNA-dependent RNA polymerase activities increased immediately after infection. The major distribution of RNA polymerase classes shifted from class I1 to class I during infection. Ornithine decarboxylase activity was induced or stimulated soon after infection and remained elevated throughout the four-day period studied. SAdenosylmethionine decarboxylase activity increased on the first day after infection and subsequently declined. Concomitantly elevated concentrations of the polyamines putrescine, spermidine and spermine reached a maximum on the first day after infection and then decreased. A model is presented to integrate these and other results to explain how RNA synthesis may be regulated during infection.
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. The nuclei were resuspended in 1/20th of the original homogenate volume in 0.34 MRNAase-free sucrose/ 10 mM-Tris . HCI, pH 7-9/ 1 mM-dithiothreitol/O. 1 mM-phenylmethane sulphonyl fluoride (STDP buffer) and centrifuged at 1020 g for 15 min. The free polymerases were extracted into the supernatant. while the engaged polymerases remained in the nuclei (Yu, 1975; Lin et al., 1976) . The nuclear pellets were resuspended in STDP buffer to 1/40th of the homogenate volume and were either assayed immediately for polymerase activity or shell-frozen at -70 "C and stored at -65 "C for subsequent work. The suspensions of free polymerases were similarly treated.
Enzyme activif-v. RNA polymerases were measured by the methods of Roeder & Rutter (1969) employing I3H]UTP (sp.act. 14 Ci mmol-'; 520 GBq mmol-') and the other three ribonucleoside triphosphates in the presence of 3Opl enzyme in a final volume of 61 pl as previously described (Christian & Paretsky, 1977) . Polymerase classes were distinguished on the basis of their sensitivity to a-amanitin: class I, insensitive; class 11, sensitive to 1 p~: class 111, sensitive to 1 0 0 ,~~ (Hossenlopp et al., 1975) . Ornithine decarboxylase (EC 4.1.1.17) and SAM decarboxylase (EC 4. I . 1.50) activities were measured in the supernatants (20000 g, 20 min) of 20% (w/v) liver homogenates according to Manen & Russell (1977) and Symonds & Brosnan (1977) , respectively. The substrates were L-[ l-14Clornithine (sp.act. 47.2 mCi mmol-'; 1.746 GBq mmol-') and S-adenosyl-~-[l-'~CI-methionine (sp.act. 50.5 mCi mmol-'; 1-869 GBq mmol-') from New England Nuclear. The 14C0, produced was absorbed in Protosol in a centre well and counted.
Polyarnines. Polyamines were extracted from liver by stirring a 10% (w/v) homogenate in 0.2 M-HCIO, for 30 min at 4 "C and centrifuging. The supernatant was chromatographed on a Dowex 50W-X8 200-400 mesh column (Inoue & Mizutani, 1973) . The recovered polyamines were dansylated, and subjected to thin-layer chromatography (Seiler & Knodgen, 19 79) . The plates were scanned with a recording photofluorimeter (Kontes, Vineland, N.J., U.S.A.). Standards of dansylated putrescine, spermidine and spermine were simultaneously chromatographed and measured. Efficiency of analysis was monitored by adding known quantities of I I4C lputrescine and l3H1spermidine at the beginning of extraction and measuring the recovered radioactivity of the derivatives after thin-layer chromatography.
Protein and RNA. Proteins and RNA were separated from the liver homogenate according to Munro & Fleck (1966) . RNA was measured spectrophotometrically, assuming A::; = 3 12. Protein was measured according to Bradford (1976) , using bovine serum albumin as a standard.
R E S U L T S
Infected animals progressively lost weight during infection and were pyrexic; this is characteristic of Q fever. Average weight losses post-infection (pi.) were: day 1, 7.9%; day 2, 20.3%; day 4, 15.4%. Average temperatures p.i. were: day 0 (uninfected controls), 38-3 "C; day 1,39.6 " C ; day 2,40.1 " C ; day 4,39.9 " C .
Temporal patterns of RNA synthesis
The increase of liver RNA during infections which has been demonstrated previously (Thompson & Paretsky, 1973) was confirmed in the present experiments. Liver RNA [mg RNA (g liver)-'] increased from 3.6 at day 0 p.i. to a maximum l.6-fold increase of 5.7 at day 2 p.i. and was 4 -9 at day 4 p i , a 1 -4-fold increase.
Measurements of RNA polymerase were made on freshly isolated nuclei from which unbound polymerases had been removed by washing. The total activity of RNA polymerase classes I + I1 + 111 increased to a maximum by day 1 p.i., with an incorporation of 3 1 -1 pmol UMP (g liver)-l compared with 7.4 pmol UMP incorporated at day 0 p.i. (Fig. I) , a 4-2-fold increase. The activity had decreased to 13.6 pmol by day 4 pi., but was still 1 -3-fold greater than the uninfected liver polymerase activity. Further examination of the results shows that class I activity increased 4.9-fold by day 1 pi. and was 3.3-fold greater than the control at day 4 p.i. In contrast, class I1 activity increased 4-fold by day 1 p.i., and diminished to 0.7-fold by day 4. At day 4 p.i. class I activity was 4 times greater than class 11.
The results are consistent with increased ribosome number and rRNA during infection (Thompson & Paretsky, 1973) .
The proportion of activities of each RNA polymerase class activity (Fig. 2) showed the largest changes in class I, which increased from 38 % of the total activity of the three classes at day 0 p.i. to 69% by day 4 p.i. The relative activity of class I1 decreased after day 1 pi. Day post-infection from 45 % of the total polymerase activity to 20 % by day 4. The relative abundance of class 111 remained about the same, fluctuating from 10.6 to 14.6%. Free, or unbound, polymerase activity showed little change during infection, although classes I1 and I11 were regularly found in higher proportions than class I (results not shown); this is consistent with the report of Yu (1975) . 
Traizscription and polyarnine synthesis during infection
Although the precise roles of polyamines as metabolic regulators have not been fully identified, increased synthesis of putrescine, spermidine and spermine has frequently been correlated with shifts from quiescent to metabolically active states, activity, especially in transcription and translation (Tabor & Tabor, 1976; Janne et al., 1978) . Ornithine decarboxylase and SAM decarboxylase participate in the early steps of polyamine synthesis, so the activities of these enzymes were studied coincidentally with temporal changes in polyamine concentrations during infection.
Ornithine decarboxylase activity increased rapidly following infection (Fig. 3) . The steepest slope was at day 2 p.i. SAM decarboxylase activity likewise increased during infection, with a maximum rate at day 1 p.i. 'The rate of activity increase was slower by day 2 p.i., and by day 4 SAM decarboxylase activity was virtually at pre-infection levels.
Concentrations of putrescine increased by day 1 p.i. and then declined, albeit to above pre-infection levels (Fig. 4) . The synthesis of spermidine and spermine is limited by the availability of the propylamine as well as by the acceptor molecule, putrescine. Spermidine and spermine concentrations reached a maximum at day 1 p.i. and, like putrescine, decreased at days 2 and 4 p.i. Polyamine-like material of higher molecular weights appeared at day 1 p.i. and increased to day 4 (Fig. 5) . The physiological significance of these compounds is not clear at present.
D I S C U S S I O N
Q fever in animals is clinically characterized by pyrexia, weight loss and respiratory symptoms resembling influenza and pneumonia. In the experimentally infected guinea pig the
Regulation of transcription during infection
23 1 liver undergoes hepatomegaly and fatty infiltration (Paretsky et al., 1964) . Biochemical studies of infected liver have further shown increased concentrations of cortisol and cyclic AMP and stimulated synthesis of R N A and protein (Stueckemann & Paretsky, 1971; Thompson & Paretsky, 1973; Becker & Paretsky, 1974) . A purified lipopolysaccharide from the aetiological agent Coxiella burnetii induced several of these changes (Baca & Paretsky, 1974) . The pathological picture of the infected liver shows points of similarity to regenerating liver after hepatectomy (Lesch & Reutter, 1975; Lewan et al., 1977) , notably increased RNA and protein synthesis. The liver of infected guinea pigs during Q fever can thus serve as a model for studying factors which regulate transcriptional changes. The temporal studies of transcriptional changes during Q fever showed a rapid increase in total R N A polymerase activity during day 1 p.i. Transcription remained stimulated during the four-day period of infection studied. The proportion of polymerase activities shifted by day 4 from class I1 (mRNA synthesis) to class I (rRNA synthesis). The change in ratio of activities was consistent with previous observations on infected L cells (Paretsky & Anthes, 1978) . Persistent reports of polyamine involvement in transcription (Tabor & Tabor, 1976; Janne et al., 1978) led to studies of polyamine levels during Q fever and of key enzymes involved in polyamine synthesis. Ornithine decarboxylase activity increased immediately p.i. (Fig. 3) , producing elevated concentrations of putrescine (Fig. 4) . Putrescine-stimulated SAM decarboxylase formed increased amounts of propylamine from the SAM substrate for the putrescine acceptor, resulting in increased concentrations of spermidine and spermine (Fig.  4) . The rapid induction of ornithine decarboxylase activity soon after infection and the more slowly responding SAM decarboxylase activity resembles the early ornithine decarboxylase and SAM decarboxylase stimulation in regenerating liver and in poisoned liver (Lesch & Reutter, 1975) . The early stimulation of SAM decarboxylase may be attributed to its known stimulation by putrescine, the product of ornithine decarboxylase (Janne et al., 1978) . Elevated putrescine concentrations can account for inhibition of spermine synthesis (Pajula et al., 1979) found later at day 2 p i . (Fig. 4) . The decline in SAM decarboxylase activity by day 4 p i may be due to spermine feedback inhibition of SAM decarboxylase (Raina & Janne, 1975) . Coincidentally, stimulated R N A polymerase, ornithine decarboxylase and SAM decarboxylase activities together with elevated polyamine concentrations are in accord with reports that millimolar concentrations of polyamines stimulated synthesis of RNA, especially rRNA Manen & Russell, 1977; Kuehn et al., 1979) . A model may be constructed to explain transcriptional stimulation during Q fever based on the present report and on previous work with this infection, and invoking reports from other laboratories (Russell et al., 1976; O'Malley & Means, 1976) . Cortisol was produced within 12 h after infection (Thompson & Paretsky, 1973) , perhaps due to the rickettsia1 lipopolysaccharide, or to the stress of infection. Cortisone is known to induce ornithine decarboxylase (Janne et al., 1978) and to stimulate nucleolar (class I) transcription (Yu & Feigelson, 197 1) . Adenylate cyclase can be stimulated by glucocorticoids, which induce phenylethanolamine-N-transferase, catalysing conversion of noradrenaline to the adenylate cyclase activator, adrenaline (Martin, 1 9 76). Hepatic cyclic AMP concentrations now increase in the infected animal. Cyclic AMP is known to induce ornithine decarboxylase (Canellakis & Theoharides, 1976; Janne et al., 1978) . As shown in the present report, at day 1 p.i. there was stimulation of ornithine decarboxylase followed by stimulation of SAM decarboxylase and concomitant increased polyamine concentrations. Feedback inhibition by spermine regulated activity of SAM decarboxylase, with the decline shown here as polyamines increased. This model proposes that all of these events are coordinated in stimulating transcription after infection. It is noteworthy that RNA polymerase I activities in rat and pig livers and in Physarurn were induced by polyamine-catalysed phosphorylations of nuclear proteins (Imai et al., 1975; Russell et al., 1976; Kuehn et al., 1979) . The polyamine concentrations in these reports were of similar magnitude to those in guinea pig livers during Q fever. RNA polymerase activities of infected livers likewise increased chiefly in class I.
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